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Análisis comparativo de algoritmos de aprendizaje para 
predecir la evolución de pacientes con Daño Cerebral Adquirido
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Resumen
Este trabajo presenta un análisis comparativo entre tres 
algoritmos de aprendizaje diferentes basados en Árboles de 
Decisión (C4.5) y Redes Neuronales Artificiales (Perceptrón 
Multicapa MLP y Red Neuronal de Regresión General GRNN)
que han sido implementados con el objetivo de predecir los 
resultados de la rehabilitación cognitiva de personas con daño 
cerebral adquirido. En el análisis se han incluido datos 
demográficos del paciente, el perfil de afectación y los 
resultados provenientes de las tareas de rehabilitación
ejecutadas por los pacientes. Los modelos han sido evaluados
utilizando la base de datos del InstitutGuttmann. El rendimiento 
de los algoritmos se midió a través del análisis de la
especificidad, sensibilidad y exactitud en la precisión y el 
análisis de la matriz de confusión. Los resultados muestran que 
la implementación del C4.5 alcanzó una especificidad, 
sensibilidad y exactitud en la precisión del 98.43%, 83.77% y 
89.42% respectivamente. El rendimiento del C4.5 fue 
significativamente superior alobtenido por el Perceptrón 
Multicapa y la Red de Regresión General. 
1. Introducción
AG V$-( *+%+P%$G !,W3D%D,( SV*!T $GL+%$ G$ KD,$ ,D$%D$ 
,+G <$&D+'L+ F ,+ G$4 <+%4('$4 ,+ 43 $G%+,+,(% $ 
&('4+&3+'&D$ ,+ G$4 $GL+%$&D('+4 Q74D&$4/ 4+'4(%D$G+4/ 
+@(&D('$G+4 F &(E'DLDK$4 W3+ <%(,3&+" A4L$4 XGLD@$4 
E+'+%$' 3'$ @$F(% ,+<+',+'&D$/ F$ W3+ ,DQD&3GL$' G$ 
$&LDKD,$,/ D'L+%$&&D;' F <$%LD&D<$&D;' +' +G +'L(%'( 
Q$@DGD$%/ G$P(%$G ( 4(&D$G" :$ +LD(G(E7$ <3+,+ 4+% 
L%$3@5LD&$ S?%$3@$LD4@( *%$'(+'&+Q5GD&(/ ?*AT ( '( 
L%$3@5LD&$ S!&&D,+'L+ *+%+P%(K$4&3G$%/ !*YT" A' 
A4<$-$/ &$,$ $-(/ 4+ <%(,3&+' 0Z[[ ?*A4 S+'L%+ E%$K+4 F 
@(,+%$,(4T W3+ ,+4+@P(&$%5' +' 4DL3$&D('+4 ,+ 
,D4&$<$&D,$, &(E'DLDK$/ L%DP3L$%D(4 ,+ %+&DPD% L%$L$@D+'L( 
%+2$PDGDL$,(%" ! +4L( 2$F W3+ 43@$% G(4 &$4(4 ,+ I&L34/ 
W3+ $Q+&L$' $ 3' 'X@+%( L(,$K7$ @$F(% ,+ <+%4('$4" 
:$ %+2$PDGDL$&D;' '+3%(<4D&(G;ED&$ +4 3'$ ,D4&D<GD'$ 
%+G$LDK$@+'L+ U(K+' F 43 &3+%<( ,+ &('(&D@D+'L( +4 
Q3',$@+'L$G@+'L+ +@<7%D&( + D @<G7&DL(" AG 'X@+%( ,+ 
+4L3,D(4 +' G(4 XGLD@(4 $-(4 2$ $3@+'L$,( ,+ @$'+%$ 
+\<('+'&D$G/ <+%( G(4 %+43GL$,(4 4(' <(&( &('&G3F+'L+4 F 
G$4 %+KD4D('+4 %+$GD=$,$4 '( <+%@DL+' +4L$PG+&+% 3'$ 
<%5&LD&$ ,+ G$ %+2$PDGDL$&D;' P$4$,$ +' G$ +KD,+'&D$" :$ 
%+2$PDGDL$&D;' &(E'DLDK$ +4 3' < %(&+4( &(4L(4( F G(4 
%+&3%4(4 W3+ 4+ <3+,+' ,+,D&$% 4(' GD@DL$,(4" A4L( 2$&+ 
'+&+4$%D( K$G(%$% QD+G@+'L+ 43 +QD&$&D$ <$%$ (<LD@D=$% G(4 
<%(&+,D@D+'L(4" A4 '+&+4$%D( <(,+% ,+L+%@D'$% W3B/ 
<(%W3B/ $ W3DB' F &;@( ,+P+ 3LDGD=$%4+" 
VDQ+%+'L+4 @+L(,(G(E7$4 +4L$,74LD&$4 F LB&'D&$4 ,+ @D'+%7$ 
,+ ,$L(4 4+ 2$' $<GD&$,( <$%$ <%+,+&D% G$ +QD&$&D$ ,+G 
<%(&+4( ,+ %+2$PDGDL$&D;',+ G(4 <$&D+'L+4 &(' V*!" A' 
+4L+ L%$P$U( 4+ $'$GD=$' L%+4 $GE(%DL@(4 ,+ $<%+',D=$U+] 3' 
^%P(G ,+ V+&D4D;'/ 3' 1+%&+<L%;' #3GLD&$<$ F 3'$ 9+, 
R+3%('$G ,+ 9+E%+4D;' 6+'+%$G" *$,$ $GE(%DL@( 2$ 
E+'+%$,( 3' @(,+G( ,+ <%+,D&&D;' ,+ G$ +K(G3&D;' ,+ G$4 
Q3'&D('+4 &(E'DLDK$4 ,+ <+%4('$4 &(' V*! ,+4<3B4 ,+ 
2$P+% 43<+%$,( 3' <%(&+4( ,+ %+2$PDGDL$&D;' +4<+&7QD&("  
2. Modelos de predicción en DCA
AG ,+4$%%(GG( ,+ 3' @(,+G( <$%$ +4L3,D$% G$ &(%%+G$&D;' 
+'L%+ G(4 Q$&L(%+4 ,+ <%+,D&&D;' F ,+L+%@D'$% G$ +K(G3&D;' 
,+ 3' <$&D+'L+ &(' V*! 2$ 4D,( (PU+L( ,+ ,DK+%4(4 
+4L3,D(4 F <3PGD&$&D('+4" :(4 $3L(%+4 3LDGD=$' ,DQ+%+'L+4 
LB&'D&$4 +4L$,74LD&$4 F ,+ @D'+%7$ ,+ ,$L(4 L%$L$',( ,+ 
+'&('L%$% $W3+GG$ W3+ @54 4+ $,$<L$ $ 434 '+&+4D,$,+4 F 
<%(<(%&D('$ @+U(%+4 %+43GL$,(4" 1(,+@(4 +'&('L%$% 
+4L3,D(4 E+'+%$G+4 W3+ $'$GD=$'@(,+G(4 P$4$,(4 +' 
5%P(G+4 ,+ ,+&D4D;' S*_"` F *!9?T/ @+L$&G$4DQD&$,(%+4 
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a_b + D '&G34( G$ <%+,D&&D;' <%(<(%&D('$,$ <(% 
'+3%(&D%3U$'(4 +4<+&D$GD4L$4 a`b" V+ G(4 %+43GL$,(4 
(PL+'D,(4 4+ ,+4L$&$ G$ P3+'$ <%+,D&&D;' (PL+'D,$ <(% G(4 
@(,+G(4 ,+ 5%P(G+4 ,+ ,+&D4D;' F %+E%+4D;' G(E74LD&$ a_b" 
A' +G L%$P$U( %+$GD=$,( <(% 1+L+% +L $G" a8b/ +G 4D4L+@$ ,+ 
5%P(G+4 ,+ ,+&D4D;' &('QD%@; $GE3'(4 ,+ G(4 %+43GL$,(4 
(PL+'D,(4 &(' %+E%+4D;' G(E74LD&$ F <34( ,+ @$'DQD+4L( G$ 
+\D4L+'&D$ ,+ (L%$4 K$%D$PG+4 4DE'DQD&$LDK$4" !,+@54/ G(4 
$3L(%+4 ,+4L$&$' G$ &$<$&D,$, ,+ D'L+%<%+L$&D;' ,+ G(4 
%+43GL$,(4 (PL+'D,(4 <(% G(4 5%P(G+4 ,+ ,+&D4D;' Q%+'L+ $ 
G(4 @BL(,(4 ,+ %+E%+4D;'" H((')c+(' >D +L $G" K$' @54 
$GG5 +' 43 $'5GD4D4 F <%(<('+' 3' 4D4L+@$ ,+ $F3,$ $ G $ 
,+&D4D;' P$4$,( +' *_"` F *!9? &$<$= ,+ <%+,+&D% G$ 
43<+%KDK+'&D$ ,+G <$&D+'L+ F G$ '+&+4D,$, ,+ 3' <%(&+4( 
,+ %+2$PDGDL$&D;'" A' (L%(4 &$4(4 Q3+ +G @(,+G( ,+ %+, 
'+3%('$G +G W3+ @+U(%; +G &(@<(%L$@D+'L(,+ G(4 @BL(,(4 
,+ %+E%+4D;' F G$ <%+,D&&D;' ,+ G(4 +4<+&D$GD4L$4/ +' 
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$'(!#- 6& 710'# )* +#*)%,,%-& (%$%01# 10 $')*0' )* 
#*8#*(%-& $90!%+0* (%*&)' 1$/'( (6+*#%'#*( 10 :;<= 3>5? 
;)*$@( )*0 6(' 2 01 ,'$+1#1,%-& )* )%A*#*&!*( !",&%,1( 2 
108'#%!$'(. ,1)1 %&7*(!%81,%-& /1(1 (6 1&@0%(%( *& 6&1 
,'$/%&1,%-& )%A*#*&!* )* 1!#%/6!'( ,1#1,!*#B(!%,'( )* 0'( 
+1,%*&!*(?  C& 3D5. 0'( 16!'#*( (* +01&!*1& ,'$' '/E*!%7' 
%)*&!%A%,1# ,6@0*( ('& 01( 71#%1/0*( $@( (%8&%A%,1!%71( 1 01 
F'#1 )* +#*)*,%# 01 *7'06,%-& )* 6& +1,%*&!* ,'& =:C? 
G1#1 *00' 6!%0%H1& @#/'0*( )* )*,%(%-& ,'& +1#!%,%'&1)' 
#*,6#(%7'? ;&10%H1& 6& 8#1& &9$*#' )* 71#%1/0*(I 01 
+6&!61,%-& JKL ML*)%)1 )* K&)*+*&)*&,%1 J6&,%'&10N. 
01( +6&!61,%'&*( )* 01 *(,101 O<P MO%(1/%0%!2 <1!%&8 
P,10*N. 01 *(,101 P<P MP6+*#7%(%'& <1!%&8 P,10*N 2 01 
*(,101 QRP. 6&1 $*)%)1 )* 01 1,!%7%)1) +#')6,!%71. )1!'( 
)*0 *S1$*& AB(%,' )*0 +1,%*&!*. )6#1,%-& )* 01 1$&*(%1 
+'(!T!#16$@!%,1. )6#1,%-& )*0 ,'$1. #*(60!1)'( )*0 =;:. 
(*S'. *)1) 2 1U'( )* *)6,1,%-&? V&1 7*H #*10%H1)' *0 
*(!6)%' (* ,'$+#'/- W6* 01 )6#1,%-& )* 01 1$&*(%1 +'(!T
!#16$@!%,1 *( *0 $*E'# +#*)%,!'# (*86%)' )* 0'( )1!'( 
+#'7*&%*&!*( )*0 *S1$*& AB(%,' )*0 +1,%*&!*?:'& '/E*!%7' 
2 $*!')'0'8B1 (%$%01#*(. <'70%1( 2 X'!('6 6!%0%H1& 6& 
$')*0' :;<= +1#1 +#*)*,%# 01 *7'06,%-& )* 6& +1,%*&!* 
,'& =:C (*7*#' 2 1%(01)' 1 0'( D $*(*( 3Y5? C& *(!* ,1(' 
0'( 16!'#*( +#*!*&)*& #*10%H1# 6& (%(!*$1 )* +#*)%,,%-& 
(%$+0* W6* 6!%0%,* 71#%1/0*( W6* (* +6*)1& 1)W6%#%# #@+%)1 
2 A@,%0$*&!* *& 01 #6!%&1 +#@,!%,1 )%1#%1? ;&10%H1#'& )1!'( 
)* Z[4 +1,%*&!*( 2 *S1$%&1#'& 6& !'!10 )* \D %&)%,1)'#*(? 
:'$' #*(60!1)'. *0 *(!6)%' *S!#1E' W6* 01 +6&!61,%-& )* 01 
*(,101 QRP *#1 01 71#%1/0* $@( (%8&%A%,1!%71? R!#1( 
71#%1/0*( W6* )*(!1,1#'& +'# (6 ,1+1,%)1) +#*)%,!%71 
A6*#'& 01 *)1). #*1,,%-& )* 01 +6+%01. #*(60!1)'( )*0 =;:. 
F%+*#806,*$%1 2 0*6,',%!'(%(?  
C& *(!* !#1/1E' +#*(*&!1$'( 6& *(!6)%' ,'$+1#1!%7' *&!#* 
$"!')'( W6* F1& )*$'(!#1)' +#'+'#,%'&1# /6*&'( 
#*(60!1)'( )* +#*)%,,%-&I $')*0'( /1(1)'( *& #*)*( 
&*6#'&10*( ML]G 2 Q<^^N 2 @#/'0*( )* )*,%(%-& M:[?4N? 
C0 1&@0%(%( (* F1 ,*&!#1)' *& 01 *7'06,%-& )* 01 A6&,%-& 
,'8&%!%71 $*$'#%1 *& +1,%*&!*( ,'& O:;? G'# *00'. ,'$' 
71#%1/0*( )* *&!#1)1 (* F1& (*0*,,%'&1)' B!*$( *(+*,BA%,'( 
)* 01 /1!*#B1 &*6#'+(%,'0-8%,1 6!%0%H1)1 +1#1 710'#1# 1 0'( 
+1,%*&!*( 1)*$@( )* 1086&'( )1!'( )*$'8#@A%,'( )* 0'( 
+1,%*&!*( M*)1) 2 &%7*0 )* *(!6)%'(N? V& *0*$*&!' 
)%A*#*&,%1)'# )* *(!* !#1/1E' *( 01 %&,06(%-& ,'$' 71#%1/0* 
)* *&!#1)1 )* 0'( #*(60!1)'( '/!*&%)'( +'# 0'( +1,%*&!*( 10 
*E*,6!1# 01( !1#*1( )* #*F1/%0%!1,%-& *& 6&1 
+01!1A'#$1)*!*0*##*F1/%0%!1,%-& ,'8&%!%71? 
3. Materiales y Métodos
3.1. Descripción de los datos
C0 K&(!%!6!Q6!!$1&&MKQN *( 6& ,*&!#' )* #*A*#*&,%1 
*(+*,%10%H1)' *& 01 #*F1/%0%!1,%-& %&!*8#10 M!1&!' 
+(%,'0-8%,1 ,'$' (',%10N 2 *0 !#1!1$%*&!' 
$")%,'_W6%#9#8%,' )* 01( +*#('&1( 1A*,!1)1( +'# 6&1 
0*(%-& $*)601#. 6& O:; ' ,610W6%*# '!#1 )%(,1+1,%)1) 
AB(%,1 8#17* )* '#%8*& &*6#'0-8%,'? V&1 )* 01( @#*1( )* 
*S+*#%*&,%1 )*0KQ *( 01 #*F1/%0%!1,%-& ,'8&%!%71 )* 
+1,%*&!*( ,'& O:;? ;0 %&8#*(1# *& *0 ,*&!#' 0'( +1,%*&!*( 
#*10%H1& 6&1 /1!*#B1 )* +#6*/1( &*6#'+(%,'0-8%,1( +1#1 
*71061# (6( A6&,%'&*( ,'8&%!%71( M1!*&,%-&. $*$'#%1 2 
A6&,%-& *E*,6!%71N? ]1 /1!*#B1 6!%0%H1)1 +'# *0 KQ ,'&(!1 )* 
>Y !*(!( W6* ,6/#*& 0'( +#%&,%+10*( )'$%&%'( ,'8&%!%7'(? 
=#1( *(!1 *71061,%-&. 0'( +1,%*&!*( #*10%H1& 6& !#1!1$%*&!' 
)* #*F1/%0%!1,%-& ,'8&%!%71 +'# $*)%' )* 01 +01!1A'#$1)* 
=*0*##*F1/%0%!1,%-& :'8&%!%71 G<C`K<^C:? C0 
!#1!1$%*&!' !%*&* 6&1 )6#1,%-& +#'$*)%' )* Z 1 4 $*(*(. 
1)*,61)' 10 &%7*0 )* 1A*,!1,%-& 2 *7'06,%-& )* ,1)1 
+1,%*&!*? V&1 7*H A%&10%H1)' *0 +#'8#1$1 )* 
#*F1/%0%!1,%-&. 0'( +1,%*&!*( ('& 710'#1)'( &6*71$*&!* 
,'& 01 $%($1 /1!*#B1?]1 )%A*#*&,%1 *&!#* 01( 710'#1,%'&*( 
+#*T!#1!1$%*&!' 2 +'(!T!#1!1$%*&!' &'( %&)%,1& 01 
*7'06,%-& )*0 +1,%*&!* *& 01( )%(!%&!1( A6&,%'&*( 
,'8&%!%71(? 
C& *(!* *(!6)%' (* F1 6!%0%H1)' 6&1 $6*(!#1 )* >4a 
+1,%*&!*( )*0 K&(!%!6!Q6!!1$&& M\b4 F'$/#*( 2 D4 
$6E*#*(N 1A*,!1)'( +'# O:; W6* (* ('$*!%*#'& 10 
!#1!1$%*&!' )* #*F1/%0%!1,%-& ,'& 01 +01!1A'#$1 
G<C`K<^C:?]1 *)1) $*)%1 )* 0'( +1,%*&!*( *( )* ZD.4D 
cD.4 1U'(. ,'& 6& #1&8' )* *)1) )* \b 1 4D 1U'(? C0 
1&@0%(%( (* F1 ,*&!#1)' *& *0 *(!6)%' )* 01 *7'06,%-& )* 0'( 
+1,%*&!*( *& 01 A6&,%-& ,'8&%!%71 $*$'#%1? G1#1 *00' (* 
F1& (*0*,,%'&1)' 0'( D !*(!( )* 01 /1!*#B1 )* *S+0'#1,%-& 
#*01,%'&1)'( ,'& )%,F1 A6&,%-& 2 (6 +6&!61,%-& (* F1 
&'#$10%H1)' *& *0 #1&8' aT[ (*89& *0 8#1)' )* 1A*,!1,%-&I 
&'#$10. 0*7*. $')*#1)'. 8#17* ' $ 62 8#17*? O* *&!#* 
!')1( 01( !1#*1( )* #*F1/%0%!1,%-& )%(+'&%/0*( *& 01 
+01!1A'#$1 G<C`K<^C:. (* F1&%&,06%)' *& *0 *(!6)%' 0'( 
#*(60!1)'( )* *E*,6,%-& )* 01 !1#*1 dL*$'#2e? 
]1 /1(* )* )1!'( 6!%0%H1)1 ,'&(!1 )* \\bD #*8%(!#'( 
M&9$*#' )* *E*,6,%'&*( )* 01 !1#*1 dL*$'#2eN )* 0'( 
,610*( Y\f MDa?D>gN ,'##*(+'&)*& 1 *E*,6,%'&*( )* 
+1,%*&!*( W6* $*E'#1#'& 2 [DYMZf?ZbgN 1 +1,%*&!*( W6* 
&' $*E'#1#'&? G1#1*71061# ,'$+1#1!%71$*&!**0 
)*(*$+*U')* 0'( )%A*#*&!*( $"!')'(+#*(*&!1)'( *& *(!* 
*(!6)%'. !')'( A6*#'& *&!#*&1)'( ,'&0'( $%($'( ,'&E6&!'( 
)* )1!'( )**&!#*&1$%*&!'MDag )*0 !'!10. )* 0'( ,610*( [Z\ 
+*#!*&*,*& 1 01 ,01(* $*E'#1 2 >ba 1 01 )* &' $*E'#1N 2 
+#6*/1 M[ag )*0 !'!10. ,'& >bb $6*(!#1( )* 01 ,01(* 
$*E'#1 2 \bY )* &' $*E'#1N? :1)1 #*8%(!#' ,'&(!1 )* f 
1!#%/6!'( 2 6&1 *!%W6*!1 )* ,01(* M7*# =1/01 \N? 
O*(,#%+,%-& <1&8' )* 710'#*( 
C)1) 3\YTZa 1U'(. Z\T4D. h4D5 
^%7*0 *(!6)%'( 3G#%$1#%'(. P*,6&)1#%'(. V&%7*#(%!1#%'(5 
LOKQK=P 3a. \. >. Z. [5 
L]]C=<CP 3a. \. >. Z. [5 
PG;^ 3a. \. >. Z. [5 
<;`]aY4 3a. \. >. Z. [5 
<;`]a\4 3a. \. >. Z. [5 
<;`]a\4=< 3a. \. >. Z. [5 
<*(60!1)' 3aT\aa5 
C7'06,%-& 3LCiR<;. ^R LCiR<;5 
Tabla 1Descripción de los registros analizados
LOKQK=P. L]]C=<CP 2PG;^('&!#*( )* 0'( !*(!()* 01 
/1!*#B1 )* *S+0'#1,%-& &*6#'+(%,'0-8%,1j;KPTKKK W6* (* 
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!"# $#%# &'()% *# )+,'*)-'+.)# '+ #(!*,/" 0 #(/*'".'+,'"1 
23456789 23456:8 0 2 3456:8;2 $'%,'+'.'+ # *# 
<#,'%=# 2345; >!' '?#*@# '* #$%'+()A#B' ?'%<#* 0 *# 
&'&/%)#1 
3.2. Diseño del modelo predictivo
C+ '",' '",!()/ "' D#+ )+.*!)(/ ,%'" #*-/%),&/" (' 
.*#")E).#.)F+9 GH189 I5J 0 K2LL9 >!' D#+ ")(/ 
)&$*'&'+,#(/" ./+ *# $*#,#E/%&# (' "/E,M#%' *)<%'N'O#1 
J#%# '?#*!#% '* %'+()&)'+,/ (' */" .*#")E).#(/%'" "' D# 
!,)*)A#(/ !+ $%/.'()&)'+,/ (' ?#*)(#.)F+ .%!A#(# P:6QE/*( 
.%/""?#*)(#,)/+R1 5/" (#,/" E!'%/+ ()?)()(/" '+ :6 -%!$/" 
(' E/%&# >!'9 '+ .#(# ),'%#.)F+9 +!'?' (' '**/" E!'%/+ 
!,)*)A#(/" $#%# '+,%'+#% '* &/('*/ 0 '* ./+B!+,/ %'",#+,' 
$#%# $%/<#%*/1 5/" %'"!*,#(/" (' */" :6 'S$'%)&'+,/" (' 
.#(# &/('*/ "' "!&#%/+ $#%# '",)&#% *# 'S#.,),!( '+ *# 
.*#")E).#.)F+ (' */" #*-/%),&/"1 
Árboles de decisión (DT)
5/" T%</*'" (' ('.)")F+"/+ &/('*/" (' .*#")E).#.)F+ 0 
$%'()..)F+ #&$*)#&'+,' !,)*)A#(/" '+ &)+'%=# (' 
(#,/"1C",# ,U.+).# "'$#%# %'.!%")?#&'+,' /<"'%?#.)/+'" 
'+ %#&#" $#%# ./+",%!)% !+ T%</* ./+ '* $%/$F"),/ (' 
&'B/%#% *# 'S#.,),!( '+ *# $%'()..)F+1 J#%# %'#*)A#% *# 
"'$#%#.)F+ (' *#" &!'",%#" "' !,)*)A#+ ()E'%'+,'" 
#*-/%),&/" &#,'&T,)./" ./&/ '* =+().' (' K)+)P!,)*)A#(/ 
'+G32;R / !+ &U,/(/ <#"#(/ '+ '* #!&'+,/ (' *# 
'+,%/$=# (' *# )+E/%&#.)F+ P!,)*)A#(/ '+VWX9 GH189 
G8RYZ[1C+ '",' '",!()/ "' D# !,)*)A#(/ '* #*-/%),&/ \HZ9 
!+# )&$*'&'+,#.)F+ ('* #*-/%),&/ GH18 (' N'O#1 
Redes Neuronales Artificiales
C* I5J '" !+# (' *#" ./+E)-!%#.)/+'" (' %'( &T" 
$/$!*#%'" 0 D# ")(/ !,)*)A#(/ ./+ US),/ '+ $%/<*'&#" (' 
&'().)+#9 (' %'./+/.)&)'+,/ (' $#,%/+'"9 $%'()..)F+9 
&/('*#(/ (' $%/.'"/"9 ',.1 C* #*-/%),&/ (' 
%',%/$%/$#-#.)F+ P]JR '" '* #*-/%),&/ (' #$%'+()A#B' 
./&@+&'+,' !"#(/ $#%# '+,%'+#% # !+ I5J1 W!%#+,' *# 
E#"' (' '+,%'+#&)'+,/ '* ]J .#&<)# ),'%#,)?#&'+,' */" 
$'"/" (' *#" +'!%/+#" ./+ *# E)+#*)(#( (' &)+)&)A#% '* 
'%%/%1 C* '%%/% '+,%' *#" "#*)(#" %'#*'" (' *# %'( 0 *# 
('"'#(# "' .#*.!*# 0 "' !,)*)A# $#%# #B!",#% */" $'"/" (' 
./+'S)F+1 C* $%/.'()&)'+,/ (' #B!",' '" ('%)?#(/ (' !+ 
&U,/(/ (' ('".'+"/ (' -%#()'+,' 0 "' !,)*)A# $#%# %'(!.)% 
*# &#-+),!( ('* '%%/%Y^[1 
5# K2LL'" !+ ,)$/ ('2'( (' _!+.)F+ (' ]#"' 2#()#* 
+/%&#*)A#(#9(/+(' 'S)",' !+# .'*(# (' *# .#$# 
'"./+()(#./%%'"$/+()'+,' # .#(# $#,%F+ (' 
'+,%'+#&)'+,/1C",' ,)$/ (' %'('" '",T <#"#(/ '+ *# ;'/%=# 
(' 2'-%'")F+L/ *)+'#*1 2'#*)A# !+# <!'+# #$%/S)&#.)F+ / 
&#$'/ ('E!+.)/+'" '+,%#(#`"#*)(# # $#%,)% (' */" (#,/" 
(''+,%'+#&)'+,/1 3 & '()(# >!' '* ./+B!+,/ (' 
'+,%'+#&)'+,/.%'.'9 '* '%%/% "' #$%/S)&# # .'% /Y^[1C" 
$/")<*' ./+")('%#% # *#" K2LL ./&/ !+ 
#$%/S)&#(/%!+)?'%"#* $#%# E!+.)/+'" "!#?'"1 3"=9 ('<'%=# 
"'% E#.,)<*'%'"/*?'% .!#*>!)'% $%/<*'&# (' #$%/S)&#.)F+ 
(' E!+.)/+'"()"$/+)'+(/ (' (#,/" "!E).)'+,'"1 C* 
)+./+?'+)'+,'$%)+.)$#* (' '",#" %'('"9 ./&/ '* (' */" 
&U,/(/" (' O'%+'*"'+ -'+'%#*9 '" >!' "!E%' (' 
a()&'+")/+#*)(#(bc $/%*/ ,#+,/ *# .#+,)(#( (' $#,%/+'" (' 
'+,%'+#&)'+,/ '" !+#?#%)#<*' *)&),#+,' $#%# *# #$*).#.)F+ 
(' '",' ,)$/ ('$%'().,/%'"Y:6[1 
4. Resultados
4.1. Medidas de rendimiento
5/" $%/&'()/" (' *# 'S#.,),!( (' *# .*#")E).#.)F+ (' */" 
,%'" &/('*/" E!'%/+ #+#*)A#(/" 0 ./&$#%#(/" ./+ '* 
/<B',)?/ (' #+#*)A#% .!T* (' '**/" /E%'.' !+# $%'()..)F+ 
&T" 'S#.,# (' *# &'B/%# (' */" $#.)'+,'"1 C+ -'+'%#*9 *#" 
&'()(#" (' .#*)(#( (' *# .*#")E).#.)F+ "' ./+",%!0'+ # 
$#%,)% (' !+# matriz de confusión >!' %'-)",%#d 
 4'%(#('%/" $/"),)?/" P4JRd +@&'%/ (' $#.)'+,'" >!' 
&'B/%#%/+ 0 E!'%/+ .*#")E).#(/" ./&/ >!' &'B/%#%/+1 
 _#*"/" $/"),)?/" P_JRd +@&'%/ (' $#.)'+,'" >!' +/ 
&'B/%#%/+ 0 E!'%/+ .*#")E).#(/" ./&/ >!' &'B/%#%/+1 
 _#*"/" +'-#,)?/" P_LRd +@&'%/ (' $#.)'+,'" >!' 
&'B/%#%/+ 0 E!'%/+ .*#")E).#(/" ./&/ >!' +/ 
&'B/%#%/+1 
 4'%(#('%/" +'-#,)?/" P4LRd +@&'%/ (' $#.)'+,'" >!' 
+/ &'B/%#%/+ 0 E!'%/+ .*#")E).#(/"./&/>!' +/ 
&'B/%#%/+1 
C+ '",' ,%#<#B/ (' )+?'",)-#.)F+ !,)*)A#&/" *#" ")-!)'+,'" 
&'()(#" (' '?#*!#.)F+9 ('E)+)(#" # $#%,)% (' *# &#,%)A (' 
./+E!")F+d 
 C"$'.)E).)(#( e  4L f _J g 4L  
 h'+")<)*)(#( e  4J f 4J g _L 
 CS#.,),!( e 4J g 4L f 4J g _L g _J g 4L 
4.2. Selección de la estructura de red
J#%# "'*'..)/+#% *# &'B/% ./+E)-!%#.)F+ (' .#(# 
.*#")E).#(/%9 "' $%/<#%/+?#%)#" '",%!.,!%#" (' %'( 0 
()E'%'+,'" $#%T&',%/"15# ;#<*# i &!'",%# *#" ,%'" 
./+E)-!%#.)/+'" >!' ()'%/+ &'B/% %'"!*,#(/ $#%# '* .#"/ 
('* T%</* (' ('.)")F+ ('",#.T+(/"' *# >!' E!' "'*'..)/+#(# 
$#%# '* #+T*)")"1 C+ *#" ;#<*#" X 0 H "' $%'"'+,# '* &)"&/ 
%'"!*,#(/ $#%# '* I5J 0 K2LL1 
3*-/%),&/ 
_#.,/% ('  
./+E)#+A# 
Lj &=+)&/ (' 
/<B',/" 
CS#.,),!( 
$%'()..)F+ 
DT1 0.25 2 90.95 %
W; i 618 i Zk1kX l 
W;X 61k i Z61X7 l 
Tabla 2. Diferentes parámetros para DT
3*-/%),&/ m5 52 I/&'+,!+ n$/.#" 
CS#.,),!( 
$%'()..)F+ 
MLP 1 5 0.1 0.1 1000 78.73 %
I5J i :6 61^ 61i i666 7k1Hi l 
I5J X :8 618 61i X666 7Z17X l 
Tabla 3. Estructuras de la redy los parámetros paraMLP
5# ./+E)-!%#.)F+ "'*'..)/+#(# $#%# '* .#"/ ('* J'%.'$,%F+ 
I!*,).#$# E!' *# I5J: ('<)(/ # "! &'+/% ./",' 
./&$!,#.)/+#*1  
3*-/%),&/ J%/$#-#.)F+ 
CS#.,),!( 
$%'()..)F+ 
GRNN 1 1 90.95 %
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!"## $ %&$' ()&)* + 
!"## * %&* (,&*- + 
Tabla 4 Parámetros para las GRNN
4.3. Evaluación del rendimiento
./ 01/234356 07 8/ 9:064224;7 0</8=/ 8/ 0>42/24/ ?070:/8 
608 /8?@:43A@A4073:/B C50 8/ 0B9024>4246/6 D 8/ 
B07B4E4846/6 0B34A/7 08 :0764A4073@ 60 8/B 64>0:0730B 
28/B0B B4076@ 6@B 47642/6@:0B A5D 53484F/6@B 07 08 
6@A474@ 28G742@ H%%I& ./ J/E8/ ' A50B3:/ 8@B :0B583/6@B 
60 8/ 28/B4>42/24;7 @E30746/07 8/ A0K@: B4A58/24;7 60 2/6/ 
28/B4>42/6@: 53484F/6@ 07 0B30 0B3564@& 
L8?@:43A@ 
            M:064224;7 
Mejora No Mejora
NJ 
Mejora %(' $ 
No Mejora O* $O' 
P.M 
Mejora
No Mejora 
%-) 
Q, 
%% 
%Q( 
!"## 
Mejora
No Mejora
%%, 
($ 
-- 
$,) 
Tabla 5.Matriz de confusión de la mejor clasificación alcanzada 
por cada algoritmo 
./ J/E8/ ) A50B3:/ 08 </8@: 60 8/ A064/ D 60B<4/24;7 
0B3R76/: 60 8/B A0646/B 60 :0764A4073@ 9/:/ 8@B 3:0B 
/8?@:43A@B /7/84F/6@B @E30746@B / 9/:34: 608 9:@20B@ 60 
</846/24;7 2:5F/6/ S%,T>@86 2:@BB</846/34@7U& 
 
M:064224;7 
VB9024>4246/6 W07B4E4846/6 V1/234356 
NJ Q(&O*+ X ,&( (*&--+ X ,&Q (Q&O$+ X ,&Q 
P.M Q$&(%+ X %&* )-&$'+ X %&' --&'*+ X %&$ 
!"## '*&*$+ X ,&' -'&%*+ X ,&O ))&,$+ X ,&' 
Tabla 6.Matriz de confusión de la mejor clasificación alcanzada 
por cada algoritmo 
5. Discusión y Conclusiones
.@B A@608@B 2@7B3:546@B 90:A4307 9:06024: 08 :0B583/6@ 
60 8/ >5724;7 2@?7434</ A0A@:4/ / 9/:34: 608 90:>48 60 
/>023/24;7 47424/8 608 9/240730Y B5 06/6 D 74<08 60 0B3564@B 
D 8@B :0B583/6@B 9:@<0740730B 608 9:@20B@ 60 
:0Z/E4843/24;7& N0 8/ 2@A9/:/24;7 :0/84F/6/ 073:0 8@B 3:0B 
/8?@:43A@B 0A980/6@B <0A@B 2;A@ 8@B :0B583/6@B 608 
R:E@8 60 6024B4;7 B@7 A0K@:0B / 8@B @E30746@B 9@: 08 P.M 
D 08 !"## 07 3[:A47@B 60 0B9024>4246/6Y B07B4E4846/6 D 
01/234356 07 8/ 9:064224;7 S<0: J/E8/B ' D )U& N0 4?5/8 
A/70:/Y B4 2@A9/:/A@B 8/ 60B<4/24;7 0B3R76/: 2@7 8/ 
0>4240724/ 60 28/B4>42/24;7 ARB 0B3/E80Y 08 R:E@8 60 
6024B4;7 0B 60 750<@ B590:4@: /8 :0B3@ 60 /8?@:43A@B 60 
28/B4>42/24;7& 
VB3/ A4BA/ 47<0B34?/24;7 9@6:G/ 0130760:B0 /8 :0B3@ 60 
>5724@70B 2@?7434</B 60>4746/B 9@: 08 \7B34353!533A/77 
S/30724;7 D >5724;7 0K02534</U 6/76@ 85?/: / 57 A@608@ 60 
9:064224;7 2@A9803@ 9/:/ 9/240730B 3:/3/6@B A064/730 8/ 
98/3/>@:A/ M"V]\"#V^& 
^@A980A073/:4/A0730Y B0:G/ 4730:0B/730 /7/84F/: 8@B 6/3@B 
60 073:/6/ 9/:/ :0/84F/: 57/ /B@24/24;7 073:0 08 90:>48 60 
8@B 9/240730B D 8/ 0<@8524;7 60 8@B A4BA@B& VB3@ 7@B 
90:A434:G/Y /60ARB 60 9:06024: 08 :0B583/6@ 60 8/ 
:0Z/E4843/24;7Y 2@7@20: 8/B 2/:/230:GB342/B 60 8@B 9/240730B 
C50 A0K@:/7 D 8@B 9:@?:/A/B 60 :0Z/E4843/24;7 C50 Z/7 
B0?546@& VB3@ ?070:/:G/ 57 /5A073@ 60 2@7@24A4073@ 
B@E:0 08 9:@20B@ 60 :0Z/E4843/24;7 D >/24843/:G/ 8/ 
08/E@:/24;7 60 Z49;30B4B 60 8@B 30:/9053/B B@E:0 08 349@ 60 
9:@?:/A/ C50 0B3R :08/24@7/6@ 2@7 8/ A0K@:/ 60 57 240:3@ 
349@ 60 9/240730B&J/AE4[7 B0:G/ 4730:0B/730 /7/84F/: 2/6/ 
080A073@ 60 8/ E/30:G/ 60 0198@:/24;7 705:@9B42@8;?42/60 
>@:A/ 4764<465/8 2@7 08 >47 60 6030:A47/: 8/ 2/9/246/6 
9:064234</ 60 2/6/ 57@ 60 0B3@B 30B3 D 8/ 9@B4E80 :08/24;7 
073:0 088@B& 
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